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Text S1
The pseudo first-order reaction model
The pseudo first-order reaction model can be expressed as Eq. S1: (S1) t k 1 0 ) C/C ( ln   k 1 is the rate constant of pseudo-first order kinetics (min -1 ), and t is the contact time (min). C (mg·L -1 ) and C 0 (mg·L -1 ) are the concentration of Cr(VI) in aqueous solution at t min and 0 min, respectively.
The pseudo first and second-order adsorption models
The pseudo first-order adsorption model can be expressed as Eq. S1:
k 1 is the equilibrium rate constant of pseudo-first order kinetics (min -1 ), and t is the contact time (min). The parameters q t (mg·g -1 ) and q e (mg·g -1 ) are the concentration of Cr(VI) adsorbed onto adsorbents at time t (min) or equilibrium time, which can be determined according to the mass balance equation:
where C 0 , C t or C e (mg·L -1 ) are the initial concentrations, concentration at t min, and equilibrium concentration of Cr(VI) in the solution, respectively. V (L) is the total volume of the reaction solution, and m (g) is the weight of the adsorbent.
According to Eq. S1, values of ln[(q e -q t )/q e ] should show a linear correlation with reaction time t, and the reaction rate constant k 1 can be determined from the slope of the linear plot.
The linear form of the pseudo second-order adsorption model can be expressed as Eq. S4:
where k 2 is the rate constant of the pseudo-second-order adsorption kinetics (g/mg/min).
Langmuir and Freundlich Isotherm analysis
The Langmuir modelcan be expressed as Eq. S5:
q e and C e correspond to the equilibrium concentration of Cr(VI) in the sorbent (mg·g -1 ) and solution (mg·L -1 ), respectively. b is the Langmuir constant related to maximum monolayer capacity, a is the Langmuir constant related to energy of adsorption. 1/q e versus 1/C e shows a linear relationship, and the rate constants can be calculated from the slope and intercept of their linear plot. In general, Langmuir isotherm is applied based on the hypothesis of monolayer adsorption on sorbents.
The Freundlich modelcan be expressed as Eq. S6:
After modification, Eq. S6 can be transformed to Eq. S7 as follows:
where K F is an unit capacity parameter related to the adsorption capacity, and n is a dimensionless parameter of surface intensity. Both of their value can be obtained by plotting the line with lnq e versus lnC e . The Freundlich isotherm is generally used to descript the heterogeneous adsorption on sorbents with uniform energy. 
